Cluster ions and residue nanoparticles with sizes below 30 nm were generated by electrospraying (ES) and drying droplets of pure water, tap water, and aqueous solutions of salts. The mobility spectra of the cluster ions between 9.1 and 9.3 × 10 -5 m 2 /(V s) were measured using a differential mobility analyzer (DMA) operated at room temperature and atmospheric pressure. A modified Faraday cup and a condensation nucleus counter were used for detection. The concentrations of total residue/contaminants in the water were determined as a function of sizes of measured aerosol particles and of the initial droplets. Method detection limits were at sub-ppb level for pure water and sub-ppm level for tap water. ES/DMA is capable of simultaneously measuring the mobility distribution of cluster ions and concentration of total residue present in water samples.
Introduction
The idea of combining electrospray (ES) as a technique of generating gas phase ions with a mass spectrometer (MS) was realized experimentally by Fenn and co-workers. 1, 2 Since that time, the applications of ES-MS have grown continuously and nowadays ES-MS is one of the most powerful tools for mass analysis of macromolecules such as proteins and synthetic polymers. In contrast to other applications of ES, 3, 4 the main goal of ES-MS is not to produce monodisperse droplets or particles in the gas phase (aerosols), but to generate ions from a sample dissolved in the liquid. Though there are now over 1000 papers published per year on ES-MS, the exact mechanism by which gas phase ions of the samples are generated by ES is not fully understood.
The use of water as a solvent would be highly desirable as water is the natural surrounding of most biomolecules. 5 However, most ES-MS samples are dissolved in organic solvent/water mixtures 1 (1:1, v/v) in order to generate a good spray. The generation of good electrospray using water as a solvent is difficult, mainly because of its high surface tension. A few studies concerning water cluster ions generated from the electrosprays measured by MS have appeared. [6] [7] [8] However, MS indeed determines the ratio of mass to charge and is not directly sensitive to the size of the molecules, although some studies have improved the techniques. There is still a need to improve both the generation and detection aspects of cluster ions from water or aqueous solution if we wish to make it more applicable to ES-MS. Thus, it is important to measure electrosprayed ions generated from waters at atmospheric pressure conditions. Furthermore, no information on measuring the mobility of water ions generated by electrospray is currently available.
In the electrospray process, highly charged nanoparticles can also be formed from nonvolatile residues via the drying droplets. The sizes of these residues are comparable to those of cluster ions, thus, it can sometimes be difficult to differentiate charged residues from clusters of ions. 9 In fact, the MS system can not determine directly the size of the aerosols, such as the nanometer sized gas phase particles.
The Differential Mobility Analyzer (DMA) is an instrument that can be used to sort subnano-and nano-meter aerosol particles with high accuracy, according to mobility (or size), while keeping them suspended in the gas phase. [10] [11] [12] A number of things can be done with the gas phase monodisperse (equalsized) particles that leave the DMA. They can be subjected to chemical analysis to determine their composition via, e.g. thermal desorption particle beam mass spectrometer 13 or inductively coupled plasma mass spectrometer. 14 The monodisperse particles can also be counted to determine the concentration of particles as a function of size, and this provides the size distribution of the aerosol entering the DMA. The last application is the analytical technique that we use in the present study.
A combination of electrospray and DMA (ES-DMA) is one of the most promising techniques to measure the mobility in a gas phase of globular macromolecules such as proteins, 15 peptides and viruses. 16 We have recently used ES-DMA to measure the mobility distribution of synthetic nanoparticles 4, 17 and synthetic polymers. 18 The ES-DMA route remains unexplored as a method for determination of total residue in pure water and aqueous solution. Analytical techniques such as ion chromatography 19 and ICP-MS 20 are applied for monitoring and characterization of contamination (bacterial, cationic species, etc.) in a high-purity water system used for semiconductor manufacturing. Particle measuring methods based on light-scattering techniques were designed to monitor ultrapure water systems and have been the standard for measuring water for several years. However, as ultrapure water systems have improved, the size and concentration of contaminant (particles) have decreased to a level that is very difficult to measure. Special concerns about the water cleanliness in a fabricating lab lead to the necessity for developing analytical techniques to perform this task.
In this study, we present an investigation of the mobility (size) distributions of cluster ions and the residue nanoparticles generated from electrospraying and drying droplets of various types of water.
The investigations were conducted at atmospheric pressure and room temperature using a DMA. Mobility spectra were measured under a variety of electrospray conditions. The mobility distributions of electrosprayed pure water were also compared with those of tap water and of each type of aqueous solutions (e.g., NaCl), in order to determine the concentration of total residue in waters and to examine the influence of residue on water cluster ions. Figure 1 shows the experimental apparatus used in these experiments. The electrospray capillary consists of a stainlesssteel tube (inner diameter, i.d. = 100 or 230 µm); a brass disk with an 8 mm hole at the center is used as a counter electrode. Liquid is supplied into the capillary by a syringe pump (Model PHD 2000, Harvard Apparatus, Holliston) and a high voltage of 3 -5 kV is applied to the capillary through a DC voltage source. The electrosprays were generated at the positive voltage because stable liquid (Taylor) cone and electrospray could not be formed at the negative case. The space between the nozzle and counter electrode disk is fixed at approximately 10 mm.
Experimental
The spray conditions were precisely observed by means of a microscope camera and TV monitor. Two spraying chambers with lengths of 70 and 150 mm (i.d. = 50 mm) were used to investigate the effect of ion aging time in the spray chamber on ion mobility. The distance between counter electrode disk and the sampling tip in the spray chamber L (sampling length) is controlled carefully from 10 to 150 mm.
Water is difficult to spray due to its large surface tension, and thus, the necessary voltage to establish a liquid jet is higher than electrical breakdown threshold of the surrounding air. As a result, a corona discharge is induced at the tip of the capillary. CO2 gas with a relatively high electrical breakdown threshold is usually used to overcome this problem. 21 In the present study, CO2 gas was used as an ambient gas for forming a stable jet and spray and mostly was used as the circulating sheath gas for the system. However, CO2 gas induces a lower mobility of ions or particles. The mobility values in air or N2 would certainly be larger than our experimental ones. To overcome this difference, we estimated the mobility of water ions in N2 or air conditions by the size-mobility relationship of particles (or ions).
Pure water was produced by a Milli-Q device (Nihon Millipore, Tokyo, with Total Organic Content/TOC of 11 ppb) and tap water from Hiroshima University. Table 1 shows the liquid properties of water used in this study. The data of water quality were also kindly provided by Nihon Millipore for pure water and by the Hiroshima Environment and Health Association through Higashi-Hiroshima Waterworks Bureau for tap water.
Nano-DMA (Model 3071A, TSI Corp., St. Paul) and a Faraday Cup Electrometer (FCE) were used for probing the mobilities of electrosprayed water clusters and residue particles. A condensation nucleus counter (CNC, Model 3022A, TSI Corp.) was used to discriminate whether the objects of mobility peaks are nanometer sized particles or not.
Results and Discussion

Functioning modes
Different spray modes (i.e. dripping, pulsating, cone-jet and multi-jet) can be acquired by a variety of applied voltages and liquid feed rates. 3, 4, 22 For the electrospray of water, stable spray regimes which are dissimilar to the classical cone-jet mode have been discovered. 3, 23 A mode similar in shape to the so-called silver bullet mode 3 was observed at a lower voltage than conejet mode domain. This mode, which had a larger cone length and a smaller cone angle compared to the cone-jet mode, was just formed when the capillary outer surface was wetted, which is the same as that reported by Chen et al. 3 Therefore, we also call this mode the "silver bullet mode" for convenience.
Test of DMA for ion measurements
In the continuous improvement of the DMA, nanosized particles and even ions can be measured by the DMA. Seto et al. 24 measured tetra-alkyl ammonium ions generated by electrospray using a DMA. Gamero-Castaño and Fernández de la Mora 25 also investigated tetraheptyl ammonium bromide from single ions to large clusters using a DMA (modified from a Vienna DMA). 26 At present, we measured the mobility of air ions generated through a radioactive source using the DMA as a test for ion measurements. Air ions are not well defined standard ions, but these ions have characteristic narrow peaks since air ion chemistry tends to produce only specific ion clusters due to a favored structure of ions. Thus, it has been known that the dominant air ions are in the form of (H3O + )(H2O)n (n = 4 -6) for the positive ions and in the form of complex species, for example: O2 -(H2O)n, CO4 -(H2O)n and NO3 -(H2O)n (n = 2 -4), for the negative ions. 27, 28 Furthermore, the mobility measurements of air ions produced by a variety of ion sources at room temperature and atmospheric pressure have been studied previously. The results were well summarized in the reports of Reichel et al. 27 and Okuyama et al., 28 where the average mobility values of air ions are 1.33 and 1.84 × 10 -4 m 2 /(V s) for the positive and negative ions, respectively. Filtered room air gas of 1 l/min was introduced into a 241 Am bipolar charger and fed into the DMA and FCE system. Sheath gas of the DMA was 15 l/min. The result is shown in Fig. 2 . The peak mobilities of positive and negative air ions were 1.30 and 1.90 × 10 -4 m 2 /(V s), respectively; these values are very close to the values of the previous reports. These results therefore indicate that the mobility of ions generated in the water electrospray can be measured using our system. Figure 3 shows the mobility distributions for a pure water electrospray in the silver bullet (3.8 kV), low voltage cone-jet (4.6 kV) and high voltage cone-jet modes (5.1 kV). For all cases, two remarkable mobility peaks are observed, which are independent of the applied voltage, i.e. the spray mode/condition. For the case of high mobility peak objects (∼0.67 × 10 -4 m 2 /(V s)), when an FCE was replaced by a CNC, particles were not detected with the CNC at all, whereas for the low mobility case (∼0.39 × 10 -4 m 2 /(V s)), a considerable number of particles were readily detected with the CNC. CNC is an optical device for counting aerosol particles passing through the laser beam after the particles experience sufficient growth in a supersaturated alcohol atmosphere. The nominal detection size limit of this commercial CNC is 7 nm (approximately corresponding to the mobility of 0.03 × 10 -4 m 2 /(V s) when the particle is singly charged). Thus, for the particles less than 3 nm (approximately corresponding to 0.12 × 10 -4 m 2 /(V s)) in diameter, the detecting efficiency is almost zero. 29 Therefore, it can be presumed that the high mobility peak objects in Fig. 3 are water ions and the low ones are particle residues.
Mobility distributions
From this point onward, most of the mobility distribution measurements were conducted at the low voltage cone-jet mode (4.4 -4.7 kV). Mobility distributions at different liquid feed rates are shown in Fig. 4(a) . Two peaks with the same values as those in Fig. 3 were independent of the liquid feed rate (i.e., initial droplet size). For the entire liquid feed rate range in which cone-jet mode can be obtained, these two peak values remained nearly constant, as seen in Fig. 4(b) . These values were also nearly unchanged with the aging-time of ions in the spray chamber (i.e. the sampling length, L) (not shown). Therefore, in short, these two significant peaks are not affected by the spray mode, initial droplet diameter or aging time of the aerosols. It can thus be predicted that the electrosprayed water cluster ions corresponding to 0.67 × 10 -4 m 2 /(V s) are quite stable state ions. The reason for the constant mobility of these two peaks will be discussed later.
Mobility distributions of tap water electrospray were also investigated using our system, as shown in Fig. 5 . Tap water was mixed with pure water at ratios of 0, 25, 50, 75, and 100% (v/v). For the high mobility peak, peak value and intensity were not changed irrespective of the portion of tap water. However, the intensity of the low mobility peak increased with increasing the portion of tap water. This increase is due to the high conductivity of the tap water caused by a lot of ionic residues contained therein. For the more detailed investigations about low mobility peaks corresponding to residue particles, NaCl aqueous solutions of concentration between 10 -4 and 10 -2 M were electrosprayed and their mobility distributions were measured by DMA-FCE and DMA-CNC. The results are shown in Figs. 6(a) and 6(b), respectively. Similarly to the case of tap water, as NaCl concentration increased, the intensity of the low mobility peak increased, while that of the high mobility peak was unvaried. The intensity of low mobility peak measured by the CNC showed a similar tendency to that of the FCE data. High mobility peaks were not detected with the CNC at all. The higher mobility peaks, therefore, indicate the generation of small ions, presumably mostly Na + (H2O)n and the lower one is due to charged salt residues, presumably mostly (Na + )q(NaCl)m. 30, 31 For NaCl solutions as well as for tap water, the two mobility peak values were almost constant. We have also electrosprayed ammonium acetate aqueous solutions (from 10 -4 to 10 -2 M), and found that the values of two peaks were not changed.
Conversion of the mobility of ions
To acquire the mobility of water ions in N2 or air, data conversion must be made by means of size-mobility relationship. Table 2 shows the sizes and mobilities of water ions (or particles) in air, acquired by the various size-mobility relationships. 10, 32, 33 Zair is mobility in air of the equal-sized ions (or particles) for the diameter obtained from conversion of the mobility in CO2 gas (ZCO2). All ion mobilities increase by a factor of 1.24 -1.36 after conversion.
To confirm these results, we measured the mobility distributions of ions generated by pure water, in an N2 atmosphere. CO2 with a flow rate of 1 l/min was mixed with N2 gas of 1, 3 and 5 l/min, in which a stable cone-jet can be formed. The gas inlet system was changed to let CO2 gas flow around the capillary nozzle; thus, the tip was isolated from the N2 gas. Figure 7 shows the effects of N2 gas on mobility distribution. As expected, an increase of the portion of N2 gas induces mobility peaks with higher values. For the case of 1 l/min CO2 and 5 l/min N2, ion peak mobilities seem to converge into the values converted by the size-mobility relationships of Tammet 32 and Fernández de la Mora et al. 10 This result suggests that the mobility distributions of positive electrosprays of water have two peaks of about 0.48 -0.52 and 0.91 -0.93 × 10 -4 m 2 /(V s) in air. It can also be concluded that the Millikan-Fuchs equation 33 is no longer viable below 2 nm, as discussed in previous reports, 33, 34 because the ion mobility at CO2 1 l/min and N2 3 l/min is already larger than the value converted by the Millikan-Fuchs equation.
Water cluster ions
Two models for the generation of gas phase ions in electrospray have been suggested. One is usually referred to as the charged residue model (CRM), 35 in this model, sprayed droplets experience a series of solvent evaporation and Rayleigh instability steps until these droplets are converted into gas phase ions. The other one is the ion evaporation model (IEM). 31, 36 IEM also initially involves solvent evaporation and Coulomb explosions in each droplet. However, the charge of small droplets having size of a few nm becomes lower than the Rayleigh limit through the dissociation of ions from the droplet surface (i.e. ion evaporation) before a Coulomb explosion takes place.
In the mobility distributions obtained from the electrospray of water, two very stable mobility peaks were observed. The mobility value (about 0.91 -0.93 × 10 -4 m 2 /(V s)) of the cluster ions generated by either of two processes described above is close to the value (about 0.95 × 10 -4 m 2 /(V s)) of water ions measured by Iribarne and Thomson, when they proposed the well-known ion evaporation model (IEM). 36 The ions in the ES-MS measurements of pure water, NaCl and ammonium acetate aqueous solutions show gas phase clusters of (H3O + )(H2O)n, 7, 8, 37 (Na + )(H2O)n 30, 31 and (NH4 + )(H2O)n, 7, 37 respectively. However, previous studies have reported a variety of values of n for the peak spectra. This difference is mainly caused by the ion decomposition due to energetic collisions with the neutral gases during the transfer of ions into low pressure (i.e. collision induced dissociation). 5, 9, 30 Therefore, the ion spectra are greatly dependent on the potential differences between the transport capillary and the skimmer of the mass spectrometer. Furthermore, the time scales for ion-molecule reactions differ entirely between ES-MS and ES-DMA combinations. It is therefore difficult to compare the MS data measured in vacuum with our DMA data that were measured in atmospheric conditions.
The mobilities corresponding to Na + (H2O)n ions in the electrospray of NaCl solutions (also the mobilities of (NH4) + (H2O)n ions in the electrospray of ammonium acetate aqueous solutions) were almost the same as those of pure water electrospray. Therefore, the size and mobility of cluster ions seem to be mostly dependent on the number of neutral water molecules rather than on a single seed ion † and the number n is probably almost constant in all experimental cases of our study. ‡ However, the number of water molecules can regretfully not be obtained exactly. There is no mass-to-mobility correlation of ions generally accepted. According to Kilpatrick's data, 39 the most frequently used data in studies for the ion mass-mobility relationship, 27, 32, 34 the mobility of ions of 0.92 × 10 -4 m 2 /(V s) corresponds to about 510 amu (similar mass to that of a water 847 ANALYTICAL SCIENCES JUNE 2003, VOL. 19 Fig. 7 The effect of a different carrier gas on the mobility of ions. Liquid feed rate QL is 0.7 µl/min. CO2 gas of 1 l/min is mixed with N2 gas for stable cone-jet spray. ZCO2 dp a Zair b dp a Zair b dp a Zair b a. dp is the diameter of ions (or particles) when they are supposed to carry a single elementary charge. The unit of dp is nm. b. Zair means the mobility of the same size ions in the air gas as the diameter acquired from conversion of mobility in the CO2 gas, ZCO2 by various mobility-size relationships. The unit of Z is m 2 /(V s). †
The chemical nature of ions also affects the mobility of ions. Mobility values of ions of the same mass but of different chemical composition vary about 20% depending on ionic nature. 27, 38 However, for the large cluster ions, the number of neutral water molecules is probably an overriding variable for determining the mobility of the ions. ‡ Cluster ions form a spectrum with various numbers of n. The most frequent value is usually reported as an average one. ion having n = 27).
In the more recent studies, the tetraheptylammonium ion (410.8 amu) having a similar mass as a water ion containing n = 20 showed a mobility of 0.96 × 10 -4 m 2 /(V s) in the DMA 25 and 0.89 × 10 -4 m 2 /(V s) in the ion mobility spectrometer. 9 It is interesting that a water cluster (H3O + )(H2O)n with n = 20 or n = 27, so-called "magic numbers", has a specially stable clathrate-type structure.
40-42
Residue nanoparticles
The "real sizes" of the low mobility peak (of residue particles) were also measured using a DMA-CNC unit with 241 Am as a neutralizer. Figure 8 shows the size distributions of the objects corresponding to the low mobility peaks for (a) pure water, (b) tap water and (c) NaCl aqueous solution (10 -3 M) electrosprays. Only single peaks of highly monodisperse nanoparticles of 10 -30 nm were detected and the particle size increased with the liquid feed rate. It is well known that the liquid feed rate of an electrospray increases with the initial droplet size (see Eq. (3)) and that the initial droplet size is a dominant factor to decide the final residue particle size. Therefore, the objects of the low mobility peak are certainly residue nanoparticles and their mobilities (m 2 /(V s)) are nearly independent of their sizes (nm).
The constant mobility value of residue nanoparticles supports the ion evaporation model (IEM). 43, 44 The electric field E at the droplet surface can be expressed as follows by means of the Coulomb equation:
and the field ER at the droplet surface at which the Rayleigh limit can be reached is expressed as follows:
If the droplets experience Rayleigh fission, their field would be
E -dp -1/2 as in Eq. (2). Droplets which emit ions through ion evaporation, however, would adjust their ion evaporation rate with regard to the rate of solvent evaporation, making E relatively constant, as a result. Mobilities of particles less than 40 nm are approximately Z -q/dp 2 ; thus, Z/E would be nearly constant. Therefore, the mobility of droplets would also be constant if they experience ion evaporation. 43 Table 3 shows the data of particle residues in our experiments. The E value quite close to the earlier determination (∼1 V/nm) 36, 43, 44 for ion evaporation is well below the Rayleigh limit (ER) and is nearly independent of the diameter of the residue particle.
The droplets at the Rayleigh limit emit a fine jet of small daughter droplets (so-called jet fission occurs). The size, mass and charge of the daughter droplets are roughly one-tenth of the parent droplet size, 2% of the parent mass and 15% of the parent charge. 30, 45 Therefore, the parent droplets after Coulomb explosions have to carry over 85% of the charge of the Rayleigh limit (i.e. > 85% of E/ER). However, the residue particles carried about 50 -80% charge of the Rayleigh limit; decreasing the droplet sizes induced increasingly more departures from the Rayleigh limit. Therefore, the generation of water cluster ions is likely due to ion field emission from charged droplets.
In our experiments, for even pure liquid water, the residues have been detected. It might be the result of the existence of various chemical species in the pure water, or of contaminants in the piping system. We attempted to refer to other analytical results by asking Nihon Millipore and Higashi-Hiroshima Waterworks Bureau to provide their data of water quality. The Waterworks Bureau, for instance, kindly provided data showed that Ca, Mg, and chloride contents in tap water supplied (September 19, 2002 used) were in the order of 10 mg/l (ppm) and so on. Also, Nihon Millipore provided the data indicated that the contents of anionic and metal species dissolved in pure water were below 10 ppt. In our study, the level of total contaminants in water can be approximately estimated through the scaling law for the size of the initial droplets generated in the cone-jet mode: 46 
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where, QL is the liquid feed rate, K the liquid electrical conductivity and ε the liquid dielectric constant. Available data on ε and G(ε) are shown in Table 1 . Impurity concentration in volume fraction, CS, can be assumed to be dp 3 /(Dp*) 3 and the calculated data are shown in Table 3 . As expected, CS of tap water or NaCl solutions was almost constant with the liquid feed rate at the same fraction of tap water or the same concentration of NaCl solutions, while CS was increased with increasing the fraction of tap water or NaCl concentration. In this study, pure water, tap water and NaCl solutions which are relatively low conductivity liquids were electrosprayed, thus, their initial droplet diameters were in the range of 0.3 -3.0 µm, as shown in Table 3 . These size droplets, which are too large to experience ion emissions immediately (i.e. E 1 V/nm), would probably encounter Coulomb explosions; thus, their size and charge distributions may become complex. However, if small daughter-droplets after jet fissions have the same level of impurities as those of parent-droplets, CS has to be calculated from the droplets (Dp*) which start ion emissions. For example, if a parent droplet experiences a series of jet fissions and start ion emissions at E ∼1.25 V/nm, the size of the parent droplet would become only about 40 nm (from Eq. (2)). Then, CS in Table 3 has to be ∼10 5 ppm irrespective of the liquid. Therefore, the parent droplets probably contain most of residues and the daughters carry relatively lower concentrations than those of parent droplets.
In our measurements, small size residue particles (which might be attributed to the daughter droplets) less than 7 nm may be ignored owing to the limit of our size measurement system, even though they exist in real size distributions. However, it is interesting that the mobilities corresponding to residue particles showed a single peak with a high-monodispersity. If small
particles really exist, the mobility of small size residues also has to be around 0.39 × 10 -4 m 2 /(V s). Let us think about the residue particles generated from NaCl 10 -3 M solution at a feed rate of 0.7 µl/min, for example. The initial droplets size is about 0.54 µm (from Eq. (3)) and their charge is about 12400 (70% of the Rayleigh limit). 47 A history for the parent and daughter droplets was calculated and is listed in Table 4 . If parent droplets begin field emissions at the electric field of 1.23 V/nm (close to the experimental results in Table 3 ), they have a mobility of 0.41 × 10 -4 m 2 /(V s), similar value to our experimental ones. Most of the daughter droplets already reached the electric field for ion evaporation (i.e. > 1.2 V/nm) after the first jet fission, and thus, they might start to emit ions. Supposing that ion emissions begin at 1.25 V/nm, one can calculate that the mobilities of first daughters are 0.36 -0.39 × 10 -4 m 2 /(V s); such values are also close to our data. While many assumptions are involved in this calculation, this result shows that small residues generated from ion evaporation of daughter droplets with different sizes can have equal mobilities to those of large residues that originated from parent droplets. Therefore, it is conceivable that the mobility of residue particles shows only a single peak even though its size distribution has two peaks (probably a broad peak for the small residues which are not measured and a sharp peak for the large residues measured in our system) if the droplets experience ion evaporations at the last stage of jet fissions.
Conclusions
Mobility distributions of the water ions generated in electrosprays were investigated experimentally at room temperature and atmospheric pressure through the differential mobility analyzer system.
For converting the measured mobilities in the CO2 background gas into those in the air, we 849 ANALYTICAL SCIENCES JUNE 2003, VOL. 19 γ examined various size-mobility relationships. The following results are found in this research.
1. Two stable mobility peaks corresponding to water cluster ions and residue particles were found. Their values were independent of the spray mode, liquid feed rate, spray aging time and the sort of residues. Therefore, the electrosprayed water cluster ions are quite stable ions having a specific cluster size and favored structure.
2. As seen from the nearly constant mobility of the residue particles, one can estimate that water ions in water electrospray are generated by the ion evaporation mechanism (IEM).
3. Water droplets generated in electrospray might trigger ion emission at the surface electric field of about 1.2 -1.3 V/nm. This value is independent of the sort of residue particles.
4. From the comparison of the mobility distributions of pure water and ordinary tap water/NaCl solutions, one can interpret the mobility peak corresponding to the drying globular residue particles as an indicator of total residue in water system.
